Diverse N-substituted sulfoximines 5a−n were prepared by nucleophilic replacement of the benzotriazole moiety in N-(benzotriazol-1-ylalkyl)sulfoximines 3a−e using organozinc reagents or allylsilanes. N- sulfoximines 3, in turn, were obtained by condensation of sulfoximines 1 with aldehydes 2 and benzotriazole.
Introduction
N-Functionalized sulfoximine derivatives are antimuscarinic, spasmolytic, 1 antiarrhythmic, 2 γ-glutamylcysteine synthetase inhibitors, 3 possess antitumor activity, 4 and are important synthetic intermediates. 5 Several methods have been developed for the preparation of N-substituted sulfoximines from NH-sulfoximines: (i) Eschweiler-Clark conditions for N-methylated sulfoximines; 6 (ii) palladium-catalyzed reactions for N-arylated sulfoximines; 7 and (iii) base-catalyzed Michael-type additions 8 or base-promoted alkylations 9a or acylations 9b (Scheme 1).
Nucleophilic substitution of the benzotriazole moiety in benzotriazolylmethyl amines is an efficient method to prepare N-alkylated amines, 10 amides, 11 thioamides, 12 or sulfonamides. 13 Herein, we report the preparation of N-(benzotriazol-1-ylalkyl)sulfoximines 3 as intermediates and subsequent nucleophilic replacement of the benzotriazolyl anion to introduce a simple route to N-substituted sulfoximines 5. amides, sulfonamides or acylhydrazines. 14b We have now similarly prepared N-functionalized sulfoximines via N-(benzotriazol-1-ylmethyl)sulfoximines 3a−e (Scheme 2, Table 1 ). Thus, condensation of (±)-S-methyl-S-phenylsulfoximine (1a) with formaldehyde and benzotriazole in the presence of catalytic amounts of p-toluenesulfonic acid in refluxing toluene gave N-(benzotriazol-1-ylmethyl)-S-methyl-S-phenylsulfoximine (3a) in 73% yield. Similarly, reaction of 1a with benzotriazole and ethyl glyoxylate gave the desired ethyl 2-(1H-1,2,3-
-sulfanylidene]amino]acetate (3b) in 82% yield. Condensation of diphenyl sulfoximine with formaldehyde or ethyl glyoxylate and benzotriazole gave the corresponding benzotriazole adducts 3c and 3d in 78% and 71% yield, respectively. Use of (1R)-(-)-menthyl glyoxylate in this condensation reaction provided the adduct 3e in 62% yield as a mixture of diastereomers in 1:1 ratio, as determined by the 1 H-NMR spectrum of the crude -sulfonium ions 4-II, which can undergo nucleophilic addition by organozinc reagents. Nucleophilic substitution of the benzotriazolyl group in 3a−c by allyl or aryl groups was achieved by treatment of 3a−c with allyl-or arylzinc reagents prepared in situ by reaction of zinc chloride with the corresponding Grignard reagents. The desired N-functionalized sulfoximines 5a−h were obtained in 41−65% yields (Scheme 2, Table 2 ). Reaction of 3b with benzylzinc chloride gave 5e as a mixture of diastereoisomers in a 2:3 ratio. Attempts to improve the diastereoselectivity by lowering the reaction temperature or increasing the reaction time remained unsuccessful. 
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Nucleophilic substitution of 3a−e with allylsilanes Lewis acid promoted reactions of allylsilanes with benzotriazole intermediates result in nucleophilic substitution. 15 Reaction of 3b with allyltrimethylsilane in the presence of BF 3 •Et 2 O gave N-substituted sulfoximine 5i in 64% yield (Table 2) . Similarly, (benzotriazol-1-ylmethyl)diphenylsulfoximine 3c reacted with allyltrimethylsilane or (2-methylpropenyl)-trimethylsilane to give 5j and 5k in 74% and 92% yields, respectively. Bulky intermediates 3d,e, which showed no reactivity towards organozinc reagents, reacted readily with allyltrimethylsilane to afford N-substituted sulfoximines 5l and 5m in 71% and 60% yields, respectively. However, the sulfur chiral center did not exert any diastereoselectivity, and sulfoximine 5i was obtained as a 1:1 mixture of diastereoisomers as determined by 1 H and 13 C NMR spectra. Use of (R)-(-)-menthyl group as an additional chiral moiety in 3e also resulted in the formation of a 1:1 mixture of diastereomers 5m in 60% yield upon reaction with allyl(trimethyl)silane. Similarly, reactions of (S)-3a with allyl(trimethyl)silane or 2-methyl-3-(trimethyl)silyl-1-propene gave sulfoximines (S)-5a or (S)-5n in 77 and 67% yields, respectively. C as the internal reference). HRMS was measured on an AEI-30 mass spectrometer. Tetrahydrofuran (THF) was distilled from Na/benzophenone, dichloromethane was distilled from CaH 2 under N 2 . Sulfoximines 1a, 1b and (S)-1a were prepared according to literature procedures. Ethyl 2-(1H-1,2,3-benzotriazol-1-yl) 1H-1,2,3-benzotriazol-1-yl) 
-benzotriazole (S)-(3a).
[α] = +32. 
